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Abstract

BACKGROUND: Observational studies have improved our understanding of the risk factors
for sudden infant death syndrome, but separate examination of risk for sleep-related suffocation
and unexplained infant deaths has been limited. We examined the association between unsafe
infant sleep practices and sudden infant deaths (sleep-related suffocation and unexplained causes
including sudden infant death syndrome).

METHODS: We conducted a population-based case-control study using 2016 to 2017 Centers
for Disease Control and Prevention data. Controls were liveborn infants from the Pregnancy

Risk Assessment Monitoring System; cases were from the Sudden Unexpected Infant Death Case
Registry. We calculated risk factor prevalence among cases and controls and crude and adjusted
odds ratios.

RESULTS: We included 112 sleep-related suffocation cases with 448 age-matched controls and
300 unexplained infant death cases with 1200 age-matched controls. Adjusted odds for sleep-
related suffocation ranged from 18.7 (95% confidence interval [CI]: 6.8-51.3) among infants

not sharing a room with their mother or caregiver to 1.9 (95% CI: 0.9-4.1) among infants with
nonsupine sleep positioning. Adjusted odds for unexplained death ranged from 7.6 (95% CI: 4.7—
12.2) among infants not sharing a room with their mother or caregiver to 1.6 (95% ClI: 1.1-2.4)
among nonsupine positioned infants.

COCLUSIONS: We confirmed previously identified risk factors for unexplained infant death and
independently estimated risk factors for sleep-related suffocation. Significance of associations for
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suffocation followed similar patterns but was of larger magnitude. This information can be used to
improve messaging about safe infant sleep.

In 2019, approximately 3400 families in the United States experienced the devastating loss
of an infant to sudden death, including deaths from accidental suffocation and strangulation
in bed, sudden infant death syndrome (SIDS), and unknown causes.! Explaining why and
how these deaths occur is challenging because they often occur during sleep and are
unwitnessed events.2 The Triple Risk Model theorizes that SIDS results when 3 factors
converge: (1) a critical period of infant development, (2) environmental or exogenous
triggers or “stressors” like prone or side sleep position, and (3) intrinsic physiologic
vulnerability in the infant, such as immature cardiorespiratory or arousal systems.34

The Triple Risk Model has guided SIDS research since the 1990s. Observational studies
aligned with this theory identified the peak age of SIDS vulnerability (2-3 months) and the
most highly associated risk factors (eg, nonsupine position, exposure to tobacco smoke, soft
or loose bedding use, surface sharing).>-12

Furthermore, case-control studies of unsafe sleep environments are a basis for global

SIDS reduction campaigns, including the Safe to Sleep (formerly Back to Sleep)
Campaign?3 in the United States. Accidental suffocation in a sleep environment, which

also occurs suddenly, is caused by an airway obstruction from bedding, an overlay, or
entrapment between objects, but is difficult to differentiate from SIDS because neither have
biological markers and cause-of-death determination depends heavily on scene investigation
findings.141> Understanding of sleep-related suffocation risk is limited by the lack of
information about the sleep environment in some previous analyses of vital records datal6:17
and by limited use of comparison groups in other studies.18-23 Further, very few case-
control studies of SIDS have been published in the last 20 years.”:9:18:24-29 To improve
understanding and inform prevention strategies, we conducted a case-control study. We
examined the association between unsafe infant sleep practices and sudden infant deaths
(sleep-related suffocation and unexplained causes, including SIDS).

METHODS

We conducted a population-based case-control study to examine risk factors for unexplained
infant deaths and sleep-related suffocations. Cases and controls were infants 2-9 months of

age. The 2 case groups were unexplained infant deaths and sleep-related suffocation deaths.

Controls were liveborn infants.

DATA SOURCES

Cases

Cases were derived from the Centers for Disease Control and Prevention’s (CDC) Sudden
Unexpected Infant Death (SUID) Case Registry (Registry), a multijurisdictional, population-
based surveillance system built upon Child Death Review (CDR) programs.3%:31 The
Registry comprises states and large metropolitan jurisdictions that identify all resident
sudden infant death cases in their jurisdictions through active surveillance, in concert with
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local medicolegal systems and vital statistics offices. CDR teams compile case information
from multiple sources (eg, death certificates; autopsy, death, and law enforcement
investigation reports; and child protective services and medical records). Compiled case
information is entered into the National Fatality Review Case Reporting System.

Sudden infant deaths included infants with any of the following underlying causes on

the death certificate: unknown, undetermined, SIDS, SUID, unintentional sleep-related
asphyxia, suffocation or strangulation, unspecified suffocation, cardiac or respiratory arrest
without other well-defined causes, or unspecified causes with potentially contributing unsafe
sleep factors.32 Trained Registry staff classified all cases using the Registry classification
system and algorithm.32

Sudden infant deaths were grouped into 2 mutually exclusive classifications: unexplained
infant deaths, including, but not limited to those caused by SIDS, and sleep-related
suffocation deaths using the Registry classification system categories. Unexplained infant
deaths were those with complete scene investigation and autopsy information that could

not be explained, regardless of the sleep environment. Sleep-related suffocation deaths were
those that had complete scene investigation and autopsy information with strong evidence of
suffocation (ie, report of full obstruction of nose and mouth or external compression of the
neck or chest) along with a reliable, nonconflicting witness account and no potentially fatal
findings or other concerning medical conditions.32

The control population comprised live-born infants from CDC’s Pregnancy Risk Assessment
Monitoring System (PRAMS), a site-specific, population-based surveillance system. In
PRAMS, a stratified random sample of women with a recent live birth is selected from state
birth certificates from participating states. Sampling and data collection typically occur 2 to
6 months after delivery using a standardized protocol and questionnaire. The questionnaire
collects data on self-reported maternal behaviors and experiences before, during, and shortly
after pregnancy, including infant sleep practices. Demographic variables from the birth
certificate (maternal race, age, and insurance at delivery) and prenatal or delivery (maternal
smoking, infant gestational age, infant sex, plurality, and previous live births) were available
in the PRAMS dataset. A detailed description of PRAMS data collection methodology has
been previously published.33 Site-specific PRAMS data are weighted for sampling design,
nonresponse, and noncoverage to produce a dataset representative of each state’s live birth
population when performing weighted analyses.33 Respondents from 7 PRAMS states also
had a SUID Registry and were eligible for inclusion. States with <55% PRAMS weighted
response rate threshold were excluded.

Selection of Cases and Controls

Cases and controls were restricted to infants born during 2016 and 2017 and who resided

in Alaska, Delaware, Louisiana, Michigan, New Jersey, New Mexico, and Wisconsin, states
participating in both the Registry and PRAMS. Al states agreed to using their aggregated,
deidentified data for this analysis. Although sudden infant deaths occur from birth through
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11 months, we included only those occurring from 2 through 9 months to coincide with the
timing of PRAMS survey completion.

We selected control infants from the same at-risk population from where the cases

were derived (ie, live births occurring in the same states as cases). Using the PRAMS
population, we first created a state-representative pseudo-population of controls to represent
all registered live births in each of the included states.3* To do this, we duplicated each
PRAMS record (/7= 14 938) by its corresponding PRAMS person-weight. From the pseudo-
population of 668 157 live births, we randomly selected 4 living controls for each case.
Controls were matched to cases on infant age in months, defined as age at death for cases
and age at time of survey completion for controls.

The primary exposures of interest were infant sleep practices: (1) sleep position (on back
versus not on back); (2) soft bedding use during sleep (none versus at least 1 form of soft
bedding); (3) sleep surface type (crib, bassinet, or portable crib versus other sleep surface);
(4) sleep surface sharing (sleeping on the same surface as an adult or child); and (5) room
sharing (sleeping in room with mother or another caregiver) (Table 1). Soft bedding included
soft objects like stuffed animals, loose bedding, bumper pads, or other objects that could
increase the risk for suffocation.1? Sleep practice data came from reported death scene
investigation information (cases) and self-reports (controls).

Variables considered as confounders were risk factors previously identified for SIDS

and available in the data (Table 1). These included infant age at the time of survey or
death,3% infant sex,>36 plurality,3° infant gestational age,36:37 infant (Registry), and maternal
(PRAMS) race and ethnicity,38 season of survey or death,3? infant ever breastfed,*? maternal
age, insurance (as a proxy for low socioeconomic status),3> maternal smoking during
pregnancy,*! receipt of prenatal care,*2 and number of previous live births.3

Statistical Analysis

We conducted 2 case-control analyses, 1 for each outcome of interest (deaths classified

as sleep-related suffocation and deaths classified as unexplained infant deaths). First, we
examined differences in the distribution of demographic characteristics and risk factors
among cases and controls by calculating prevalence and crude exposure odds ratios (ORS).
Second, for each of the case-control studies, we calculated crude and adjusted exposure ORs
and 95% confidence intervals (Cls) for each sleep environment variable in the model using
unconditional logistic regression.#3 The recommended infant sleep practice?* was used as
the reference category for each variable. Odds ratios were adjusted for known confounders
available in our data (each of the other sleep environment variables, gestational age at birth,
infant sex, plurality, season of survey or death, race and ethnicity, ever breastfed, maternal
age, insurance at delivery, number of live births, maternal smoking, use of prenatal care)
and infant age in months (the matching variable). All analyses were performed using SAS
version 9.4 (Cary, NC).
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Descriptive Characteristics of SUID Cases Compared With the Controls

More than half of all cases and controls were 2 to 3 months old at the time of death or
survey completion (Table 2). The case groups had more males than the control groups. The
racial and ethnic composition for both case groups were similar, with non-Hispanic Black
infants comprising the largest proportion of cases, followed by non-Hispanic white and
Hispanic infants. This differed from the composition of the control groups, for which most
infants were non-Hispanic white and approximately equal proportions non-Hispanic Black
and Hispanic.

The maternal age distributions for both case groups were more skewed to younger age
groups than for the control groups. Most mothers of sudden infant death cases were aged
20 to 29 years, whereas most control mothers were aged 25 to 34 years. Sudden infant
death cases also had higher proportions of Medicaid coverage, maternal smoking during
pregnancy, no prenatal care, nonsingleton births, and preterm births than controls. The
proportion of sudden infant death cases born to mothers with 3 or more live births was
higher than for controls. Fewer case infants were ever breastfed than control infants.

Unsafe Sleep Practices

Compared with the recommended infant sleep practice (used as the reference category

for each variable), unsafe infant sleep practices were associated with increased odds of
sleep-related suffocation and unexplained infant death in both crude and adjusted logistic
regression models (Table 3). Infants who were not placed to sleep supine had nearly 2 times
the odds of sleep-related suffocation (adjusted odds ratio [aOR] = 1.9, 95% ClI: 0.9-4.1)

and increased odds of unexplained infant death (aOR = 1.6, 95% CI: 1.1-2.4). The use of
soft bedding was associated with a 16-fold increase in odds of explained suffocation (aOR =
16.3, 95% ClI: 5.0-53.3) and 5-fold increase in unexplained infant death, compared with no
soft bedding use (aOR = 5.0, 95% CI: 3.2-8.0). Infants who were not placed to sleep in a
crib, bassinet, or portable crib had 4 times the odds of explained suffocation death compared
with infants who slept on an approved sleep surface (aOR = 3.9, 95% CI: 1.4-10.4). For
unexplained infant death, no association with sleep surface was found (aOR = 1.0, 95% ClI:
0.7-1.6).

The largest odds ratios for both sleep-related suffocation and unexplained infant death were
among infants who did not share a room with their mother or caregiver; these infants were
19 times more likely to die of sleep-related suffocation (aOR = 18.7, 95% CI: 6.8-51.3)
and almost 8 times more likely to die of unexplained infant death (aOR = 7.6, 95% ClI:
4.7-12.2), compared with infants who shared a room. Infants who shared a sleep surface
with another person or animal were also at increased odds for both sleep-related suffocation
or unexplained infant death (aORs = 2.5, 95% CI: 1.1-6.0 and 2.1, 95% ClI: 1.4-3.2,
respectively).
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DISCUSSION

Our analysis confirms previously identified risk factors!? for unexplained causes of sudden
death in infancy, including SIDS. In addition, we independently estimated risk factors

for explained sleep-related suffocation deaths using the standardized CDC SUID Case
Reqgistry classification system definition. The classification system used to define suffocation
in this study aligns with recent expert group guidelines by the National Association of
Medical Examiners Panel on Sudden Unexpected Death in Pediatrics*® and the Radcliffe
group definitions* for distinguishing SIDS from suffocation. Although we confirmed some
previous findings, several new findings emerged.

Like previous studies, risk factors for unexplained infant death (ie, SIDS) included male
infant sex, non-Hispanic Black or American Indian or Alaska Native race, and maternal
age <25 years.3%:38 Significance and magnitudes of association for sleep-related suffocation
followed similar patterns as those for unexplained infant death for each of these factors. We
also confirmed increased odds of unexplained infant death associated with nonsupine sleep,
soft bedding use, not room sharing, and surface sharing.’-10.24-28,47-51

Interestingly, nonsupine sleep position had the smallest aOR for unexplained infant death,
although we could not rule out a small positive or null association. This smaller magnitude
of association for nonsupine sleep compared with earlier studies is likely caused by an
increased prevalence of supine position, from 17% before the Back to Sleep campaign, 2
which began in 1994, to 80% in 2019.53 Unlike in prior SIDS and unexplained infant death
studies,”2-24 use of a nonapproved sleep surface (eg, not a crib, bassinette, or portable crib)
was not significantly associated with unexplained infant death after adjustment for other
variables. Conversely, use of a nonapproved sleep surface was strongly associated with
explained suffocation. This may reflect differences between the case classification in earlier
studies, which did not examine explained suffocations independently of other explained
sudden infant deaths,2”4 a major strength of this study.

Another unique finding was the increased risk for unexplained infant death among Hispanic
infants. There was no significant increase in risk for explained suffocation. This finding
suggests that analyses that combine explained and unexplained infant deaths may obscure a
small to moderate increase in risk of unexplained deaths among Hispanic infants. Additional
exploration of this finding is warranted, including consideration of potential impacts of
acculturation on the relation between Hispanic ethnicity and risk for unexplained death.
Because each analysis controlled for all other sleep practices included in the study, we

were able to examine not room sharing and surface sharing as separate risk factors for
unexplained infant deaths and sleep-related suffocation deaths. After adjustment for other
infant and maternal factors, room sharing, independent of surface sharing, was protective
against both explained and unexplained infant deaths. This important distinction among risk
factors is one that has not been made in recent studies. Surface sharing was also a risk
factor for both sleep-related suffocation and unexplained infant death, but the magnitudes of
association were smaller than for not room sharing.
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Use of the SUID Case Registry classification system category, which does not rely on
official cause of death from death certificates, thus reducing investigation or certification
bias, allowed for a unique discernment of risk factors for sleep-related suffocation
independent of unexplained infant death. This distinction revealed unique differences and
similarities; for example, the 4-fold increase in odds of sleep-related suffocation associated
with use of a nonapproved sleep surface, but no association for unexplained infant death.
In contrast, not room sharing, surface sharing, and use of soft bedding were significantly
associated with both sleep-related suffocation and unexplained infant death. Soft bedding
use was associated with higher odds of sleep-related suffocation than of unexplained
infant death. We also demonstrated differences in the degree to which confounding affects
the relation between risk factors and suffocation and unexplained death. Adjusting for
confounding revealed markedly stronger relations between soft bedding use and not room
sharing for suffocation and between not room sharing and unexplained deaths.

Our study had 4 limitations. First, PRAMS data are self-reported; thus, like previous SIDS
case-control studies, the data for controls are subject to social desirability bias in how
mothers or caregivers respond to sleep environment questions (eg, over-reporting use of
safe sleep practices). If case caregivers disproportionately over-reported safe practices as
compared with control caregivers, the resulting risk estimates may be artificially high.
Second, PRAMS data are also subject to potential nonresponse bias, particularly among
populations that may be at higher risk for sudden infant death, those from racial and

ethnic minority groups, those with lower educational attainment, and women whose infants
died.>556 The weighting of PRAMS data to achieve population representativeness and
account for nonresponse bias reduces these potential biases. In addition, because PRAMS
sampling begins at 2 months of age, our study sample did not include a portion of the infants
at highest risk for SIDS, those who were 1 month old. Exclusion of these high-risk infants
may have resulted in attenuation in the strength of observed associations.

Fourth, because sudden infant deaths are almost always unwitnessed, caregiver accounts of
circumstances immediately before and after the death obtained during death investigation are
the primary source of information for cases in this study. Although detailed information
about the infant sleep environment and circumstances surrounding an infant death is
available for more than 85% of all Registry cases,®’ approaches to investigations are not
uniform.58:59 This can lead to wide discrepancies in the amount and quality of data captured.
However, standardization of infant deaths investigation and documentation has improved
with introduction of the CDC Sudden Unexplained Infant Death Investigation Reporting
Form and related guidance in 1996.58

Despite these limitations, our study addressed several key limitations of prior SIDS and
SUID risk factor studies. Our cases were obtained from a large, multistate registry and

used standardized case definitions differentiating unexplained infant deaths and sleep-related
suffocation deaths.% We also used control groups that represented the population from
which cases arose, minimizing bias and improving accuracy of our risk estimates. Our
approach to generating a pseudo-population from which to draw population-based controls
was also novel among infant mortality studies with rare outcomes and may serve as an
example for other rare infant and maternal health outcomes.
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This study examined risk factors for unexplained infant deaths and sleep-related infant
suffocation deaths. Although risk factors for unexplained infant deaths are well established
from studies in the 1990s and 2000s, recent US data have not been examined; an
examination of this data are especially important because the prevalence of unsafe sleep
factors (nonsupine sleep) has shifted.>3:61 Also, risk factors for sleep-related suffocation
have not been fully characterized separate from unexplained infant death. Early studies on
suffocation were limited to data in vital records'®17 or lacked an appropriate comparison
groupl8-20.22.29 and thus could not fully characterize the role of hazards in the sleep
environment.

It may be easier for parents to understand that risk factors may lead to death from
suffocation than to understand that risk factors may lead to deaths without a known cause.52
For instance, informing parents that soft bedding use, surface sharing, and not room sharing
are risk factors for sleep-related suffocation may make it easier for them to visualize what to
do and to comprehend the risk than informing them that these are risk factors for death from
an unknown cause. Discussions of risk factors for SIDS, for which the causes are unknown,
may not resonate with parents. The results of this study can be used to better communicate
about safe sleep and hazards in the sleep environment for SIDS, other unexplained infant
deaths, and sleep-related suffocation deaths.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

We would like to acknowledge the PRAMS Working Group, Centers for Disease Control and Prevention’s Sudden
Unexpected Infant Death (SUID) Case Registry awardee staff, death certifiers, investigators, and child death review
committee members in the jurisdictions contributing data to the Case Registry; the data team and leadership,
Heather Dykstra, Abby Collier, and Esther Shaw, at the National Center for Fatality Review and Prevention (a
cooperative agreement funded by the Health Resources and Service Administration) for their support in preparing
data from the National Fatality Review Case Reporting System.

Disclaimer:
The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.
ABBREVIATIONS
aOR adjusted odds ratio
CDC Centers for Disease Control and Prevention
CDR child death review
PRAMS Pregnancy Risk Assessment Monitoring System
SUID sudden unexpected infant death
SIDS sudden infant death syndrome

Pediatrics. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parks et al.

Page 9

REFERENCES

1

10

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

. Centers for Disease Control and Prevention. Underlying cause of death 1999-2020 on CDC

WONDER online database. Available at: https://wonder.cdc.gov/ucd-icd10.html. Accessed Feb 2,
2022

. Krous HF, Beckwith JB, Byard RW, et al. Sudden infant death syndrome and unclassified sudden

infant deaths: a definitional and diagnostic approach. Pediatrics. 2004;114(1):234-238 [PubMed:
15231934]

. Filiano JJ, Kinney HC. A perspective on neuropathologic findings in victims of the sudden infant

death syndrome: the triple-risk model. Biol Neonate. 1994;65(3-4):194-197 [PubMed: 8038282]

. Kinney HC, Thach BT. The sudden infant death syndrome. N Engl J Med. 2009;361(8):795-805

[PubMed: 19692691]

. Blair PS, Sidebotham P, Berry PJ, Evans M, Fleming PJ. Major epidemiological changes in sudden

infant death syndrome: a 20-year population-based study in the UK. Lancet. 2006;367(9507):314—
319 [PubMed: 16443038]

. Mitchell EA, Thach BT, Thompson JM, Williams S. Changing infants’ sleep position increases

risk of sudden infant death syndrome. New Zealand Cot Death Study. Arch Pediatr Adolesc Med.
1999;153(11):1136-1141 [PubMed: 10555714]

. Hauck FR, Herman SM, Donovan M, et al. Sleep environment and the risk of sudden infant death

syndrome in an urban population: the Chicago Infant Mortality Study. Pediatrics. 2003;111(5 Pt
2):1207-1214 [PubMed: 12728140]

. lyasu S, Randall LL, Welty TK, et al. Risk factors for sudden infant death syndrome among northern

plains Indians. JAMA. 2002;288(21):2717-2723 [PubMed: 12460095]

. Fleming PJ, Blair PS, Bacon C, et al. Confidential Enquiry into Stillbirths and Deaths Regional

Coordinators and Researchers. Environment of infants during sleep and risk of the sudden infant
death syndrome: results of 1993-5 case-control study for confidential inquiry into stillbirths and
deaths in infancy. BMJ. 1996;313(7051):191-195 [PubMed: 8696193]

. Mitchell EA, Taylor BJ, Ford RP, et al. Four modifiable and other major risk factors for cot death:
the New Zealand study. J Paediatr Child Health. 1992;28(Suppl 1):S3-S8 [PubMed: 1524879]
Moon RY, Carlin RF, Hand I; Task Force on Sudden Infant Death Syndrome, The Committee

On Fetus and Newborn. Sleep-related infant deaths: updated 2022 recommendations for reducing
infant deaths in the sleep environment. Pediatrics. 2022;150(1):€2022057990 [PubMed: 35726558]
Moon RY, Carlin RF, Hand I; Task Force on Sudden Infant Death Syndrome, The Committee On
Fetus and Newborn. Evidence base for 2022 updated recommendations for a safe infant sleeping
environment to reduce the risk of sleep-related infant deaths. Pediatrics. 2022;150(1):62022057991
[PubMed: 35921639]

Willinger M SIDS prevention. Pediatr Ann. 1995;24(7):358-364 [PubMed: 7567180]
Shapiro-Mendoza CK, Tomashek KM, Davis TW, Blanding SL. Importance of the infant death
scene investigation for accurate and reliable reporting of SIDS. Arch Dis Child. 2006;91(4):373
Corey TS, Hanzlick R, Howard J, Nelson C, Krous H; NAME Ad Hoc Committee on Sudden
Unexplained Infant Death. A functional approach to sudden unexplained infant deaths. AmJ
Forensic Med Pathol. 2007;28(3):271-277 [PubMed: 17721183]

Carlberg MM, Shapiro-Mendoza CK, Goodman M. Maternal and infant characteristics associated
with accidental suffocation and strangulation in bed in US infants. Matern Child Health J.
2012;16(8):1594-1601 [PubMed: 21769585]

Randall B, Thompson P, Wilson A. Racial differences within subsets of sudden unexpected infant
death (SUID) with an emphasis on asphyxia. J Forensic Leg Med. 2019;62:52-55 [PubMed:
30658266]

Drago DA, Dannenberg AL. Infant mechanical suffocation deaths in the United States, 1980-1997.
Pediatrics. 1999;103(5):e59 [PubMed: 10224203]

McKenna JJ, Gartner LM. Sleep location and suffocation: how good is the evidence? Pediatrics.
2000;105(4 Pt 1):917-919 [PubMed: 10819668]

O’Hara M, Harruff R, Smialek JE, Fowler DR. Sleep location and suffocation: how good is the
evidence? Pediatrics. 2000;105(4 Pt 1):915-917

Pediatrics. Author manuscript; available in PMC 2024 January 01.


https://wonder.cdc.gov/ucd-icd10.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parks et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Servan-Schreiber D. Sleep location and suffocation: how good is the evidence? Pediatrics.
2000;105(4 Pt 1):919-920 [PubMed: 10819669]

Erck Lambert AB, Parks SE, Cottengim C, Faulkner M, Hauck FR, Shapiro-Mendoza CK. Sleep-
related infant suffocation deaths attributable to soft bedding, overlay, and wedging. Pediatrics.
2019;143(5):e20183408 [PubMed: 31010907]

Scheers NJ, Dayton CM, Kemp JS. Sudden infant death with external airways covered:
case-comparison study of 206 deaths in the United States. Arch Pediatr Adolesc Med.
1998;152(6):540-547 [PubMed: 9641706]

Blair PS, Fleming PJ, Smith 1J, et al. Babies sleeping with parents: case-control study of factors
influencing the risk of the sudden infant death syndrome. CESDI SUDI research group. BMJ.
1999;319(7223):1457-1461 [PubMed: 10582925]

Carpenter RG, Irgens LM, Blair PS, et al. Sudden unexplained infant death in 20 regions in
Europe: case control study. Lancet. 2004;363(9404):185-191 [PubMed: 14738790]

Hauck FR, Moore CM, Herman SM, et al. The contribution of prone sleeping position to the
racial disparity in sudden infant death syndrome: the Chicago Infant Mortality Study. Pediatrics.
2002;110(4):772-780 [PubMed: 12359794]

Leach CE, Blair PS, Fleming PJ, et al. CESDI SUDI Research Group. Epidemiology of SIDS and
explained sudden infant deaths. Pediatrics. 1999;104(4):e43 [PubMed: 10506268]

Vennemann MM, Bajanowski T, Brinkmann B, Jorch G, Sauerland C, Mitchell EA; GeSID Study
Group. Sleep environment risk factors for sudden infant death syndrome: the German Sudden
Infant Death Syndrome Study. Pediatrics. 2009;123(4):1162-1170 [PubMed: 19336376]

Scheers NJ, Rutherford GW, Kemp JS. Where should infants sleep? A comparison of risk for
suffocation of infants sleeping in cribs, adult beds, and other sleeping locations. Pediatrics.
2003;112(4):883-889 [PubMed: 14523181]

Covington TM. The US National Child Death review case reporting system. Inj Prev.
2011;17(Suppl 1):i34-i37 [PubMed: 21278095]

Shapiro-Mendoza CK, Camperlengo LT, Kim SY, Covington T. The sudden unexpected infant
death case registry: a method to improve surveillance. Pediatrics. 2012;129(2):e486—e493
[PubMed: 22232303]

Shapiro-Mendoza CK, Camperlengo L, Ludvigsen R, et al. Classification system for the Sudden
Unexpected Infant Death Case Registry and its application. Pediatrics. 2014;134(1):e210-e219
[PubMed: 24913798]

Shulman HB, D’Angelo DV, Harrison L, Smith RA, Warner L. The Pregnancy Risk Assessment
Monitoring System (PRAMS): overview of design and methodology. Am J Public Health.
2018;108(10):1305-1313 [PubMed: 30138070]

Matthay EC, Farkas K, Skeem J, Ahern J. Exposure to community violence and self-harm in
California: a multilevel, population-based, case-control study. Epidemiology. 2018;29(5):697-706
[PubMed: 29889134]

Shapiro-Mendoza CK, Tomashek KM, Anderson RN, Wingo J. Recent national trends in sudden,
unexpected infant deaths: more evidence supporting a change in classification or reporting. AmJ
Epidemiol. 2006;163(8):762-769 [PubMed: 16582034]

Fleming PJ, Blair PS, Pease A. Sudden unexpected death in infancy: aetiology, pathophysiology,
epidemiology and prevention in 2015. Arch Dis Child. 2015;100(10):984-988 [PubMed:
25699563]

Fleming PJ, Blair PS, Byard RW, Fleming P, Bacon CE, Berry J. Sudden Unexpected Death in
Infancy. The CESDI SUDI Studies 1993-1996. London, UK: The Stationery Office; 2000

Parks SE, Erck Lambert AB, Shapiro-Mendoza CK. Racial and ethnic trends in sudden unexpected
infant deaths: United States, 1995-2013. Pediatrics. 2017;139(6):20163844 [PubMed: 28562272]

Fleming PJ, Blair PS, Ward Platt M, Tripp J, Smith 1J; CESDI SUDI Research Group.

Sudden infant death syndrome and social deprivation: assessing epidemiological factors after post-
matching for deprivation. Paediatr Perinat Epidemiol. 2003;17(3):272—-280 [PubMed: 12839539]
Hauck FR, Thompson JM, Tanabe KO, Moon RY Vennemann MM. Breastfeeding and reduced
risk of sudden infant death syndrome: a meta-analysis. Pediatrics. 2011;128(1):103-110 [PubMed:
21669892]

Pediatrics. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parks et al.

41.

42.

43.
44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 11

MacDorman MF, Cnattingius S, Hoffman HJ, Kramer MS, Haglund B. Sudden infant death
syndrome and smoking in the United States and Sweden. Am J Epidemiol. 1997;146(3):249-257
[PubMed: 9247009]

Stewart AJ, Williams SM, Mitchell EA, Taylor BJ, Ford RP, Allen EM. Antenatal and intrapartum
factors associated with sudden infant death syndrome in the New Zealand Cot Death Study. J
Paediatr Child Health. 1995,31(5):473-478 [PubMed: 8554873]

Pearce N Analysis of matched case-control studies. BMJ. 2016;352:1969 [PubMed: 26916049]

Moon RY; Task Force on Sudden Infant Dealth Syndrome. SIDS and other sleep-related infant
deaths: evidence base for 2016 updated recommendations for a safe infant sleeping environment.
Pediatrics. 2016;138(5):e20162940 [PubMed: 27940805]

National Association of Medical Examiners Panel on Sudden Unexpected Death in Pediatrics.
Unexplained Pediatric Deaths: Investigation, Certification, and Family Needs. San Diego, CA:
Academic Forensic Pathology International; 2019

Goldstein RD, Blair PS, Sens MA, et al. 3rd International Congress on Sudden Infant and Child
Death. Inconsistent classification of unexplained sudden deaths in infants and children hinders
surveillance, prevention and research: recommendations from The 3rd International Congress

on Sudden Infant and Child Death. Forensic Sci Med Pathol. 2019;15(4):622-628 [PubMed:
31502215]

Mitchell SL, Kiely DK, Lipsitz LA. The risk factors and impact on survival of feeding tube
placement in nursing home residents with severe cognitive impairment. Arch Intern Med.
1997;157(3):327-332 [PubMed: 9040301]

Mitchell EA, Williams SM, Taylor BJ. Use of duvets and the risk of sudden infant death syndrome.
Arch Dis Child. 1999;81(2):117-119 [PubMed: 10490515]

Scragg RK, Mitchell EA, Stewart AW, et al. New Zealand Cot Death Study Group. Infant room-
sharing and prone sleep position in sudden infant death syndrome. Lancet. 1996;347(8993):7-12
[PubMed: 8531589]

Scragg R, Mitchell EA, Taylor BJ, et al. New Zealand Cot Death Study Group. Bed sharing,
smoking, and alcohol in the sudden infant death syndrome. BMJ. 1993;307(6915):1312-1318
[PubMed: 8257885]

Mitchell EA, Scragg R, Stewart AW, et al. Results from the first year of the New Zealand cot death
study. N Z Med J. 1991;104(906):71-76 [PubMed: 2020450]

Colson ER, Rybin D, Smith LA, Colton T, Lister G, Corwin MJ. Trends and factors associated
with infant sleeping position: the national infant sleep position study, 1993-2007. Arch Pediatr
Adolesc Med. 2009;163(12):1122-1128 [PubMed: 19996049]

Hirai AH, Kortsmit K, Kaplan L, et al. Prevalence and factors associated with safe infant sleep
practices. Pediatrics. 2019;144(5):e20191286 [PubMed: 31636142]

Méllborg P, Wennergren G, Almgvist P, Alm B. Bed sharing is more common in sudden

infant death syndrome than in explained sudden unexpected deaths in infancy. Acta Paediatr.
2015;104(8):777-783 [PubMed: 25865748]

Kim SY, Tucker M, Danielson M, Johnson CH, Snesrud P, Shulman H. How can PRAMS survey
response rates be improved among American Indian mothers? Data from 10 states. Matern Child
Health J. 2008;12(Suppl 1):119-125

Kortsmit K, Shulman H, Smith RA, et al. Participation in survey research among mothers with a
recent live birth: a comparison of mothers with living versus deceased infants - findings from
the Pregnancy Risk Assessment Monitoring System, 2016-2019. Paediatr Perinat Epidemiol.
2022;36(6):827-838 [PubMed: 35437839]

Erck Lambert AB, Parks SE, Camperlengo L, et al. Death scene investigation and autopsy practices
in sudden unexpected infant deaths. J Pediatr. 2016;174:84-90.e1 [PubMed: 27113380]
Cottengim C, Parks S, Rhoda D, et al. Protocols, practices, and needs for investigating sudden
unexpected infant deaths. Forensic Sci Med Pathol. 2020;16(1):91-98 [PubMed: 31741206]
Shapiro-Mendoza CK, Parks SE, Brustrom J, et al. Variations in cause-of-death determination for
sudden unexpected infant deaths. Pediatrics. 2017;140(1):e20170087 [PubMed: 28759406]

Pediatrics. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Parks et al. Page 12

60. Parks SE, Erck Lambert AB, Hauck FR, Cottengim CR, Faulkner M, Shapiro-Mendoza CK.
Explaining sudden unexpected infant deaths, 2011-2017. Pediatrics. 2021;147(5):e2020035873
[PubMed: 33906930]

61. Bombard JM, Kortsmit K, Warner L, et al. Vital signs: trends and disparities in infant safe
sleep practices - United States, 2009-2015. MMWR Morb Mortal Wkly Rep. 2018;67(1):39-46
[PubMed: 29324729]

62. Moon RY Oden RP, Joyner BL, Ajao TI. Qualitative analysis of beliefs and perceptions
about sudden infant death syndrome in African-American mothers: implications for safe sleep
recommendations. J Pediatr. 2010;157(1):92-97.e2 [PubMed: 20303505]

Pediatrics. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Parks et al.

Page 13

WHAT’S KNOWN ON THIS SUBJECT:

Few studies have examined risk factors for sudden unexpected infant deaths since
2000. Studies examining risk factors for sleep-related suffocation independently from
unexplained infant deaths are also limited.

WHAT THIS STUDY ADDS:

We confirmed unexplained death risk factors and estimated suffocation risk factors.
Nonapproved sleep surface use was associated with 4-fold higher suffocation risk, but not
associated with unexplained death. Soft bedding use was more strongly associated with
suffocation than unexplained death.
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